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The principles of color measurement established by the 
Commission International d'Eclairage have been applied to 
skin and the results expressed in terms of color space L *, hue 
angle, and chroma values. The distribution of these values for 
the ventral forearm skin of a sample of healthy volunteers is 
presented. The skin-color characteristics of a European sub-
group is summarized and briefly compared with others. 
Color differences between individuals were identified in 
T he appearance of human skin is a major descriptive parameter in both clinical and scientific evaluations. Skin color may be associated with susceptibility to the development of skin cancer [1,2]' changes in color characterize erythema [3-6], and the observation of 
color variegation is an important clinical criterion for differentiat-
ing between cutaneous malignant melanoma and benign nevi [7]. 
Visual observations and subjective assessments however, lack pre-
cision with respect to the communication of color information. 
Therefore, recent scientific investigations have relied on the instru-
mental measurement of the optical properties of skin by means of 
reflectance spectroscopy [8,9], and the resulting spectral data used to 
provide quantitative information on the constituents of skin, usually 
in terms of erythemal or melanin indices [10-12]' The chromo-
phores in skin have been referred to, somewhat loosely, as "skin 
colors" [12], but this terminology can be misleading in a scientific 
context because it does not distinguish between the pigmented sub-
stances in skin and the actual visual sensation of colors. Both are 
important in clinical and scientific studies and both can be quanti-
fied by means of reflectance spectroscopy. However the latter, i.e., 
the measurement of appearance, has received much less clinical 
attention than the former. 
Reflectance methods have been widely applied in studies of the 
chromatic characteristics of skin in the context of human genetics 
[1,13,14]. Filter colorimetry has been used to a limited extent for 
designating the extent of erythema [4,5,15], but for complete color 
measurements it has been shown that such methods can give results 
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terms of one, two, or all three color-space parameters. Be-
cause the method is quantitative and the principles interna-
tionally recognized, these color-space parameters are pro-
posed for the unambiguous communication of skin-color 
information that relates directly to visual observations of 
clinical importance or scientific interest. ] Invest Dermato199: 
468-473, 1992 
that differ systematically from those based on scanning spectro-
photometry [16,17] . There appear to have been no reports of the 
evaluation of the color of skin by applying reflectance spectroscopy 
according to the principles laid down by the Commission Interna-
tional d'Eclairage (CIE) for the measurement of the color 
of surfaces with the results given in terms of CIE 1976 L * a* b* 
(CIELAB) color space pa.rameters [16,18] . The description of the 
appearance of skin in these terms would give an objective measure of 
the visual perception' of the colors and would have the additional 
advantage of enabling quantitative specifications of the magnitude 
of perceived color differences or changes [16,19]. 
The CIE system applies solely to the measurement of appearance 
and makes no assumptions about the nature or amounts of any 
pigments that may be present. It has international recognition so thd 
specification of the CIELAB color space parameters for skin woul 
have particular value for clinicians who make visual assessments of 
various phenomena that, although they may be readily apparent, 
may be difficult to describe reliably in diagnostic communicatiOns 
[11]. Because CIELAB color space parameters are calculated from 
measured reflectance spectra, the same spectral data may also be used 
in physiologic and biochemical studies to determine the concentra-
tion of the chromophores in skin. . 
The present article summarizes color assessment and specificat~on 
and describes the application of the CIE system to the determinatlO[ 
of the CIELAB color space parameters of the skin of a sampl~ 0 
healthy volunteers as a demonstration of a methodology that might 
be usefully applied in studies on possible relationships betw~en ~K­
served skin color and matters of clinical importance or sCient! c 
interest. 
COLOR ASSESSMENT 
Color information may be acquired and communicated in varioUS 
ways; however, in a scientific context there are requirements for 
consistency independent of time, distance, and language. I 
Although the average person may be able to distinguish severa 
thousands of colors, the description of visual observations by tl~e. use 
of general color terms is the least satisfactory in terms of pre~1Slon. 
The range of names upon which people can be relied to agree. IS very 
limited and there is no simple way of using visual observatIOns to 
describe the differences between colors [16]. I 
Color assessments based on visual comparisons with sets of co -
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ored samples, known as color-order systems, can increase the range 
and reliability of color designations significantly [16]. The Munsell 
color-order system [19] is the oldest and (>erhaps the most widely 
recognized, but there are several others [20J, including one based on 
the Munsell system and specifically designed for use in differentiat-
ing skin colors [15]. There is no agreed international standard color-
order system and in only a few cases have relationships been estab-
lished between the various systems [20] . 
Even if agreement exists on the application of anyone system, its 
usefulness depends on its availability and continuity of publication 
without alteration over time. Color comparisons may also involve 
the problem of metamerism. This occurs when two colors match 
under one set of conditions, but fail to match under a second set of 
conditions [16]. Illuminant metamerism is the most important type 
and can occur, for example, when two metameric colors match 
under "daylight" but fail to match under "artificial" light. Observer 
metamerism is exhibited when two metameric colors appear to 
match for one person but not another. The color vision of individu-
als differs to a greater or lesser extent and is also known to change 
with a person's age. Color blindness in various forms is not uncom-
mon and those so affected cannot participate in visual color match-
ing and have limited comprehension of color information based on 
color-order systems. Geometric metamerism occurs when viewing 
geometry changes and the physical surface structure of a sample 
differs from that of the reference. Color-order systems are most 
reliable when used under fixed conditions of illumination to match 
colors of relatively flat surfaces that are uniformly pigmented. They 
are less appropriate for samples that are heterogeneous in surface 
structure. A particular limitation of color-order systems is that they 
only identify single colors and do not provide a way of specifying 
the nature or magnitude of color differences. 
The limitations of visual observations may, in principle, be over-
come by the instrumental evaluation of colors and color differences 
according to the system of color measurement established by the 
CIE [16,18,21,22]. This system has become widely used with' the 
availability of reliable reflectance spectrophotometric instrumenta-
tion that conforms to the recommendation of the CIE for the mea-
surement of the color of surfaces [23 - 25]. 
CIE COLOR SYSTEM 
The perceived color of an object depends on 1) the nature of the 
illuminating light, 2) its modification by interaction with the ob-
ject, and 3) the characteristics of the observer response. The CIE 
system defines these conditions as follows. 1) The relative spectral 
energy distributions of various illuminants, known as CIE stan-
dard· illuminants, are specified and available as published tables 
[16,18,21-24] (see also the Appendix to this paper). 2) The modifi-
cation of an illuminant by interaction with the object is measured 
with a reflectance spectrophotometer having an or-tical configura-
tion that conforms to CIE recommendations [18 , and provides a 
visible spectrum expressed as the fractions of incident light intensity 
reflected in the wavelength range 400-700 nm. 3) The nature of 
human color vision has been quantified for the purposes of color 
measurement in terms of three color matching functions x, y, and z. 
Three are required because color vision has been found to be 
trichromatic: a single perceived color may be regarded as resulting 
from the effect of three separate stimuli on the visual cortex [22]. 
Their numerical values are available as published tables and are 
known collectively as a CIE standard observer [16,18,21-24] (see 
also the Appendix). They may be regarded simply as a numerical 
description of human color vision. From a practical viewpoint their 
use has been made more convenient by incorportation of the tabu-
lated values within the software provided with color-measuring 
reflectance spectrophotometers. Similarly, the tabulated values of 
the relative spectral-energy distributions of various CIE illuminants 
are provided within the software because they do not exist as actual 
physical sources of light within the instrumentation. 
Colors are measured in terms of their tristimulus values X, Y, and 
Z by combining a selected table of illuminant data, the measured 
MEASUREMENT OF SKIN COLOR CI.ELAB VALUES 469 
green 
a * -
b -
blue 
Figure 1. CIELAB color space. 
L * =100 
white 
L * = 0 
black 
yellow 
+ b* 
a* 
+ 
red 
values of reflectance, and a selected table of color-matching func-
tions with three summations, each having the form 
l-E 'R' x-=X 
At selected intervals in the wavelength range 400 - 700 nm the 
relative energy (E) of the chosen illuminant is multiplied by the 
fraction reflected (R) and the numerical value of the standard ob-
server (x or y or z). A wavelength interval of 10 nm, which requires 
31 terms in each summation, gives adequate precision for most 
purposes. Modern color-measurement instrumentation normally in-
corporates microcomputer hardware and software so that the spec-
tral measurements and subsequent calculations are integrated so as 
to produce a copy of the results within a few seconds. However, the 
tristimulus values of colors are difficult to relate to the experience of 
seeing them. In addition, in any study involving comparisons, con-
trasts, or changes, tristimulus values do not directly enable measure-
ment of the difference between two colors . This concern has now 
been overcome by using the tristimulus values to calculate the CIE 
1976 L* a* b* (CIELAB) color space values [16,18,23,24,25] (see 
also the Appendix). The mathematical manipulations that convert 
tristimulus values to CIELAB color space values enable colors to be 
regarded as existing in an approximately uniform three-dimen-
sional space in which each particular color has a unique location 
defined in terms of its cartesian coordinates with respect to the axes 
L*, a*, and b*, as shown in Fig 1. Modern computer-controlled 
reflectance spectrophotometers, such as that used in the present 
study, provide for automatic calculation of CIELAB values from the 
spectral data they produce. 
The measured L * value of a color has been recommended by the 
CIE as the psychometric correlate of the visually perceived color 
attribute of "lightness" [18,23] , to which the descriptive terms as-
signed might include the words "light," "dark," etc. In other 
words, L * would measure the change along a grey scale from black 
to white that visually varied in a perceptually uniform manner. The 
L * scale, which ranges from 0 for a theoretical black to 100 for a 
perfect white, corresponds to the notion of the value attribute in the 
Munsell color order system. 
The a* and b* coordinates may be conceptually related to Her-
ing's opponent color theory [24], which was based on the proposi-
tion that the retina of the eye contains opponent color channels that 
distinguish colors according to their red-versus-green and yellow-
versus-blue attributes. In CIELAB space they are more useful when 
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converted into polar coordinates. This enables definition of a hue 
angle, h ° = arctan(b* /a*), which is recommended by the CIE as the 
psychometric correlate of the visually perceived attribute of hue 
(e.g., red, orange, yellow, etc.) [18,24]. Measured hue angles make 
the use of visually assigned hue terms unnecessary, although it is 
simple and often convenient to relate them in a general way. The 
general angular position of some of the main generic hues are shown 
in Fig 1. CIE hue angle corresponds conceptually to the attribute of 
Hue in the Munsell color-order system but no simple relationship 
has been found between measured hue-angle values and Munsell 
hue designations [20]. Colors for which both a* and b* are zero, and 
therefore lie on the L * axis, are termed achromatic and would be 
perceived as grey, white, or black. The visually perceived color 
attribute of "saturation," which might be described by the use of the 
terms "weak," "strong," etc., may be measured in terms of its dis-
tance away from the L * axis in the a*b* plane. This is the length 
of the line C in the diagram. It is termed the CIE [1976] a, b 
chroma and is calculated using coordinate geometry as C = [(a*)2 + 
(b*)2)1/2. It corresponds conceptually to the attribute of chroma in 
the Munsell system but the measured values do not relate in any 
simple way to Munsell designations [20]. Thus the use of CIELAB 
coordinates enables measurement of the three attributes of a color by 
which it is visually distinguished [19] . 
CIELAB space is not only more convenient than tristimulus 
values with respect to its conceptual relationship to the actual experi-
ence of seeing the colors but it has the important advantage of 
providing a means of measuring the differences between any two 
colors [16,24]. Their color difference (~E) is calculated, using coor-
dinate geometry, as the length of the line joining their coordinate 
positions: 
M = [(~L*)2 + (~a*)2 + (~b*)2)1/2 . 
In some circumstances the differences between two colors may 
also be considered in terms of differences in hue angle and/or 
chroma. 
Modern computer-controlled reflectance spectrophotometers 
used for color measurement often include the software necessary for 
automatic calculation of color differences from two sets of spectral 
data. 
MATERIALS AND METHODS 
Volunteers Ninety-nine medical students in the second year of 
their studies took part in the survey. The ages ranged from 18 to 29 
years with a mean of 20.9 years. There was close to half of each 
gender. They were informed of the details of the experimental 
process and their consent was obtained prior to the measurements 
being made . Individuals volunteered information as to their racial 
origin in cases for which this was known and the subsequent skin-
color data grouped accordingly. Eighty-one classified themselves as 
being of European ethnicity. The remainder were Chinese, Indian, 
Polynesian, or mixed race. 
Measurements Reflectance measurements were made with a 
Labscan 6000 (Hunter Associates Inc.) scanning reflectance visible 
spectrophotometer having 0 ° ill umination and 45 ° viewing geome-
try with the specular component excluded. The instrument was 
calibrated with a supplied white standard traceable to the National 
Bureau of Standard's perfect white diffuser. The spectrophotomer 
was controlled by an IBM XT microcomputer, which performed all 
color calculations from the digitized spectral data by means of a 
menu-driven suite of programs supplied with the instrument. Each 
subject placed the ventral surface of the forearm, at a region midway 
between the wrist and the elbow, over a 30-mm - diameter open 
circular port with a 26-mm illuminated area in the horizontal upper 
surface of the sensor module. Ten reflectance spectra over the wave-
length range 400 - 700 nm, each requiring about 3 seconds for mea-
surement, were obtained for different but overlapping regions a few 
millimeters apart and computer averaged. Tabulated data for CIE 
ill uminant D65 and the CIE 1964 10° standard observer were se-
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lected under software control and combined with the spectral data at 
10-nm intervals to compute the CIELAB L*, a*, and b* values. The 
latter two values were then further converted to CIELAB color 
space hue angles and chromas. 
RESULTS AND DISCUSSION 
The skin colors for the 81 European subjects in terms of tl~e 
CIELAB color parameters L *, hue angle, and chroma are shown In 
Fig 2 as histograms and the values for selected individuals are given 
in Table I. The CIELAB parameters for any individual measure skin 
color as it would have been visually perceived. The skin of the lower 
forearm has characteristics determined by both hereditary skin color 
and environmentally induced melanotic pigmentation [13]. The 
ventral forearm, however, is relatively infrequently exposed to ultra-
violet radiation and provided a readily accessible site to place over 
the viewing port of the spectrophotometer. The distribution of 
CIELAB parameters for the 81 subjects represents objectively the 
ventral forearm skin-color phenotype of the group. The range of 
each color space parameter within the group provides a numencal 
specification of the distribution of the corresponding color attribute 
as it would have been visually perceived. . 
The L * values ranged from 59.7 to 73.4 and for the histogram ill 
Fig 2 a class interval of 3 was chosen on the basis that it was ov~r 
twice the mean within-sample standard deviation and because It 
represented a difference in this color attribute that would have been 
just visually apparent for two colors that were otherwise similar 
with respect to hue angle and chroma. For example, the skin colors 
of subjects 33 and 80 shown in Table I differ in this way. The 
apparent asymmetry of the distribution within the group was con-
firmed by a goodness of fit test that showed that the hypothesis that 
the L * values were normally distributed about a mean of 68.2 could 
be rejected at the 95% level of confidence. This meant that there 
were a few individuals whose skin was much lighter than would be 
expected from a normally distributed range of L * values. 
The hue angles (hO) ranged from 54.0 ° to 77.8° and for the 
histogram in Fig 2 a class interval 4 ° was used because a difference of 
this magnitude would be visually apparent. A goodness of fit test 
applied to the distribution of hue angle values showed that the 
hypothesis that it was normal about a mean of 64.9° could not be 
rejected at the 95% level of confidence. A difference in hue angle 
was noted between some subjects as the only color attribute that 
distinguished them because they were otherwise similar with re-
spect to L * and C. An example is the CIELAB values for subjects 33 
and 38 in Table I. 
The chroma (C) values ranged from 13.2 to 21.6. A goodness of. 
fit test of the hypothesis that the values were normally distribute1 
about a mean of 16.5 could not be rejected at the 95% level 0 
confidence. The CIELAB parameters for subjects 74 and 78 were 
similar with respect to L * and h ° , and differed only in the value for 
C, so that this color attribute alone distinguished them. . 
Differences in the skin color between individuals could be identI-
fied where both the L * and h ° values differed but the values for C 
were similar (subjects 5 and 15), or where the values for both the C 
and h ° differed but the L * values were similar (subjects 19 and 44). A 
further possibility was identified where differences in both L * and C 
were evident but the hue angles were similar (subjects 5 and 75). For 
many randomly selected pairs of individuals all three CIELAB 
values were different (subjects 5 and 44). . 
The other racial groups were insufficiently represented to justify 
a similar analysis. There were five individuals who classified theW-
selves as Indian; their skin color could be described as brown to 
black. The mean L *, h 0, and C values for this group were 51.8, 
61.4.°, .and 22.1, respectively, which indicates the nature of the 
differences in the three color space parameters compared to .thd 
European group. However, a larger sample size would be reqUire 
for proper characterization. The same consideration applied to the 
measurements made on the seven individuals who classifie~ thewd selves as Chinese. Their skin color could be described as oltve an 
the mean valuesofL*, h O , and Cwere 64.8, 67.6°, and 19.5 respec-
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Figure 2. Distribution ventral forearm skin colors of81 volunteers ofEuro-
pean ethnicity, expressed as the measured values of CIELAn L* (top) , hue 
angle (h 0) (middle), and chroma (C) (bottom). 
tively, again indicating the nature and magnitude of the difference 
in skin color compared to the other two groups. 
CONCLUSION 
Measurement of the visible reflectance spectrum of skin and the 
calculation of CIELAB values provides a practical numerical basis 
for quantifying the perceived color of human skin. The excess of 
data in a full spectrum can be reduced to a set of color space parame-
ters that relate directly to the appearance of the color as it would be 
clinically observed and without making any assumptions about the 
nature of the pigments involved. However the same spectral data 
could be used if there was a requirement beyond the simple numeri-
cal specification of appearance as in the determination of the con-
centration of chromophores in physiologic studies. The use of 
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CIELAB color space parameters has potential cosmetic applications, 
such as the design of prosthetic devices and use in anthropologic 
studies of human population genetics. Differences in skin CIELAB 
values enable a distinction to be made between individuals within a 
group in terms of differences in one, two, or three color space 
parameters. This may have application in relating skin color to 
susceptibility to the development of skin cancer or other diseases. 
An extension of the methodology would enable the comparison of 
the color of a cutaneous lesion and that of adjacent normal skin, or 
even of the color at various positions on the surface of a single lesion. 
Either extension might provide a quantitative adjunct for the diag-
nosis of melanomas. Instrumentally this now appears feasible 
through the use of fiber-optic cables to obtain the reflectance spec-
trum of areas only a few millimeters across [8,12,26]' 
Measured CIELAB color space parameters enable the unique 
identification of every color that may be visually distinguished and 
their use is proposed for the unambiguous communication of skin-
color information for clinical or scientific purposes. 
APPENDIX 
The CIE system for the measurement of color starts with the prem-
ise that the stimulus for color is provided by the proper combination 
of a source oflight, an object, and an observer, and the methodology 
to derive numbers that provide a measure of a color seen under a 
source of illumination by an observer. In 1931 the CIE introduced 
the element of standardization of illuminant and observer. 
Standard Sources and Illuminants There is a distinction, in 
CIE terminology, between a source and an illuminant. A source is a 
real physical light. Its spectral power distribution can be determined 
by experiment and once this is known the source is referred to as a 
standard source. An illuminant, on the other hand, is defined by a 
spectral power distribution, and it mayor may not be possible to 
make a source representing it. All standard sources today have their 
corresponding standard illuminants, but not all standard illuminants 
have corresponding sources. For example, CIE standard source A is a 
tungsten-filament lamp operated at a specified temperature; its 
spectral power distribution curve is known and is a standard illu-
minant. Standard sources Band C, representing noon sunlight and 
average daylight, respectively, also have their corresponding stan-
dard illuminants. In 1965 the crE introduced the D series of illu-
minants to supplement A, Band C based on new studies of the 
spectral power distribution of natural daylight. The most important 
of these, and the most widely used, is D65. Despite extensive ef-
forts, no sources simulating it have been developed. Such a source is 
not needed, however, because for the purposes of color measure-
ment only the tabulated values of its relative power distribution 
curve are required, and these are available in many standard texts as 
well as being incorporated in the software of modern color-measur-
ing reflectance spectrophotometers. The general form of D65 is 
shown in Fig 3. 
Table I. L*, Hue Angle (h O), and Chroma (C) Values for 
Ventral Forearm Skin Color of Selected Subjects of European 
Ethnicity 
Subject 
5 
15 
19 
33 
38 
44 
74 
75 
78 
80 
L* 
71.8 
67.7 
66.1 
71.4 
71.3 
66.3 
68.0 
67.8 
67.8 
68.4 
hO 
71.0 
58.8 
55.7 
65.5 
70.5 
62.6 
66.8 
70.7 
66.1 
64.8 
c 
15.9 
15.9 
16.6 
15.2 
14.8 
19.5 
13.2 
18.7 
16.2 
15.9 
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Color-Matching Functions, Tristimulus Values, and Stan-
dard Observers It has been shown experimentally that the ap-
pearance of any individual color [e] can be matched by using three 
rrimaries in the form of single wavelengths representing the red 
[R], green [G], and blue [B] regions of the spectrum. The relative 
proportions of the three primaries required to match each of 
the pure spectrum wavelengths are known as the distribution co-
efficients, or color-matching f!!nctions for the equal energy spec-
trum, and designated r, g, and b. Using these it is possible to calcu-
late the relative proportions of the primaries required to match a 
color consisting of a mixture of wavelengths. These relative pro-
portions are called the tristimulus values (R, G, and B) for the color. 
Color-matching algebra represents the process of additive mixing 
with equations of the following form: 
C[e] = R[R] + G[G] + B[B]. 
The fact that only three primaries are required implies that there are 
three types of receptors in the eye, but color vision does not necessar-
ily involve only additive responses, because for some colors a match 
can only be obtained by adding one of the primaries, say [R], to it and 
matching the result to a mixture of the other two primaries. This 
process could be represented by 
C[e] + R[R] = G[G] + B[B] 
or, by rearrangement, 
C[e] = - R[R] + G[G] + B[B] 
and the set of tristimulus values (-R, G, B) includes a negative 
value. No set of real primaries that avoids the occurrence of negative 
numbers has been found. The mathematics of color mixing and the 
algebra of COIOf matching enables color-matching functions and 
tristimulus values derived from one set of primaries to be converted 
into other values based on another set of primaries. The CIE used 
this fact to resolve the problem of negative numbers, with its awk-
ward implication of negative responses, by adopting a set of hypo-
thetical primaries [X], [V], and [Z] that, although they lay outside 
the realm of real stimuli, enabled the specification of any color in 
terms of its tristimulus values X, Y, and Z, such that no negative 
numbers appeared. The corresponding set of color-matching func-
tions are X, y, and z and are known collectively as a CIE standard 
observer. The original color-matching experiments were conducted 
using a group of people believed to have normal color vision and 
were performed in such a way that the subjects made their observa-
tions over a narrow (2°) field of view. For this reason the first 
color-matching functions are referred to as the CIE (1931) 2° stan-
dard observer. Subsequent studies revealed that the geometry of the 
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Figure 3. CIE standard illuminant D65. 
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eye is such that, when the field of view is larger, colors appear 
slightly different. More recent color-matching experiments using a 
10° field of view led to the publication of the currently recom-
mended color-matching functions known as the CIE (1965) 10° 
standard observer. Their numerical values are published in many 
standard texts and are incorporated in the software of modern colo~­
measuring reflectance spectrophotometers. Their general form IS 
shown in Fig 4. 
Color Space and Color Difference The tristimulus values of a 
surface color are obtained by combining selected illuminant and 
observer data with the experimentally determined reflectance spec- . 
trum of the surface using calculations of the form described in t~e 
main text of this paper. Although the tristimulus values are the baSIC 
measure of a color, they are difficult to relate to the experience of 
actually seeing it, even for an experienced colorist. In addition, they 
do not directly provide a way of quantifying the difference between 
two colors. This is important because in many instances it is color 
differences that are of principal interest. Since the publication of the 
eIE system in 1931 a great many investigations have been con-
ducted with the objective of overcoming these deficiencies. In es-
sence these investigations sought mathematical transformations ~f 
tristimulus values that would place colors in a hypothetically uni-
form three-dimensional color space. The uniformity sought relates 
to perceptual uniformity, in the sense that when the difference 
between any two colors is perceived to be just noticeable, then t~e 
measured difference in terms of the length of the line joining theIr 
coordinate positions in color space should always be the same irre-
spective of where the two colors are within the color space. In other 
words, all adjacent colors that are perceived to be just noticeably 
different would be a constant measured distance apart, so that the 
entire gamut of colors would exist in a color space that was not only 
perceptually uniform, but also measurably so. The CIE (1976) 
L*a*b* (CIELAB) color space approaches the required ideal for a 
uniform color space and, although it is not perfect, it is current~y 
widely used for specifying color differences as described in the maIn 
text of this article. CIELAB parameters, in contrast to tristimulus 
values, also enable ready comprehension of the visual attributes of.a 
color. The way in which L *, a*, and b* relate to the actual expert-
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ence of seeing colors is described in detail in the main text of this 
article. The mathematical transformations of tristimulus values to 
CIELAB coordinates were developed by trial and error. They are 
L* 116(Y/Yo)I /3 - 16, 
a* 500[(X/XnP /3 - (Y /Yo)I/31, 
b* 200[(Y /Y 0)1/3 - (Z/Zo)I/3], 
where XI>' Y,,, and Zo are the tristimulus values for a particular 
standard illuminant and observer, for a sample reflecting 100% of 
light at all wavelengths. Their values are available in many standard 
texts and are incorporated in the software of modern color-measur-
ing reflectance spectrophotometers. Because of the recognized de-
viations of CIELAB space from perceptual uniformity, other trans-
formations of tristimulus values are available for the specification of 
color differences, but with a concomitant loss of the conceptual 
simplicity of CIELAB space. 
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